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Background: Whole arm t(9;13)(p11;p12) translocations are rare and have been described only a few times; all of
the previously reported cases were familial.
Results: We present here an infertile male carrier with a whole-arm reciprocal translocation dic(9;13)(p11.2;p12)
revealed by GTG-, C-, and NOR-banding karyotypes with no mature sperm cells in his ejaculate. FISH and genome-wide
400 K CGH microarray (Agilent) analyses demonstrated a balanced chromosome complement and further characterised
the abnormality as a dicentric chromosome (9;13): dic(9;13)(pter→p11.2::p12→qter),neo(9)(pter→p12→neo→p11.2).
An analysis of the patient’s ejaculated cells identified immature germ cells at different phases of spermatogenesis but
no mature spermatozoa. Most (82.5%) of the germ cells were recognised as spermatocytes at stage I, and the cell nuclei
were most frequently found in pachytene I (41.8%). We have also undertaken FISH analysis and documented an
increased rate of aneuploidy of chromosomes 15, 18, X and Y in the peripheral blood leukocytes of our patient.
To study the aneuploidy risk in leukocytes, we have additionally included 9 patients with non-obstructive azoospermia
with normal karyotypes.
Conclusions: We propose that the azoospermia observed in the patient with the dic(9;13)(p11.2;p12) translocation was
most likely a consequence of a very high proportion (90%) of association between XY bivalents and quadrivalent
formations in prophase I.
Keywords: De novo whole arm dic(9;13)(p11.2;p12) translocation, Meiotic chromosomes, Aneuploidy rates in
leukocytes, Male infertilityBackground
Reciprocal chromosomal translocations (RCTs) are the
most common structural rearrangements in humans. The
incidence of RCTs is estimated at 1 in 712 live births, and
the frequency at the time of prenatal diagnosis is even
higher, approximately 1 in 250 pregnancies [1,2]. Most
RCT's do not occur de novo but are inherited from one of
the parents [3]. Reciprocal chromosome translocations
usually have unique chromosomal breakpoints. During
meiosis, the rearranged chromosomes produce a quadriva-
lent configuration leading to chromosomally unbalanced
gametes. The pattern of chromosome segregation that* Correspondence: kurpimac@man.poznan.pl
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unless otherwise stated.can occur in the meiotic cells of a RCT carrier depends
greatly on the chromosomes involved, the location and
number of the breakpoints, and the size of the imbalance
[4-7]. However, the roles of the meiotic segregation mech-
anisms are not yet fully understood. No universal rules
can be applied to the majority of balanced translocation
carriers; therefore, each case must be considered to be
unique [8,9].
Heterozygous RCT carriers commonly have normal
semen analysis, histological composition of seminiferous
tubules, gametogenic differentiation, sperm counts, sperm
morphology and sperm motility. However, in some cases,
chromosomal translocations may cause a complete sper-
matogenic arrest. The presence of translocation breakpoints
in close proximity to the centromere and the involvementLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
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most destructive effects on spermatogenesis, resulting in
azoospermia or severe oligozoospermia. In RCT carriers,
azoospermia is often due to an arrest at the first meiotic
division of gametogenesis [10]. Individuals with RCTs
involving the X chromosome commonly suffer from
infertility. In males with Y chromosome translocations,
infertility may depend on the physical locations of the
translocation breakpoints [11]. The question of why some
translocation carriers suffer from male infertility and
others do not is still unresolved [9].
We describe here a case of a non-obstructive azoo-
spermic male carrier of a de novo reciprocally balanced
translocation resulting in dic(9;13)(p11.2;p12). This type
of rearrangement belongs to the class of whole-arm
translocations, which result from the centromeric fusion
of two chromosomes [12]. In this type of translocation,
one possibility is that both breakpoints are located juxta-
centromeric and both derivative chromosomes contain
their own centromere sequences. Another mechanism is
when one breakpoint occurs within the centromere and
the other is located juxta-centromeric; one derivative
chromosome therefore has a hybrid centromere and the
other one has a reduced but conserved original centromere
[13]. Whole arm translocations occur most frequently
between chromosomes with similar alphoid domains [12].
However, carriers of a (9;13)(p11;p12) translocation have
been described only a few times, and all of these cases
were familial [12,14]. In contrast to the previously de-
scribed cases, the patient described herein with dic(9;13)
(p11.2;p12) has an increased number of immature germ
cells but no mature sperm cells in his ejaculate. This
enabled us to perform cytogenetic analysis of the chro-
mosomes of numerous different spermatogenic cells.
The literature indicates the possibility of altered genetic
control over not only meiotic but also mitotic cell divi-
sions in infertile males [15,16]. This suggestion stems
from the fact that predispositions to the nondisjunction
of meiotic chromosomes with concomitant observations
concerning the mitotic chromosomes of somatic cells
were well documented [15,16]. Furthermore, it has
been reported that karyotypically normal patients with
non-obstructive azoospermia have an increased mitotic
instability in germ cells and/or somatic tissues [17-21].
Therefore, here we have undertaken a study to evaluate
if our azoospermic patient, a carrier of dic(9;13)(p11.2;
p12), demonstrates increased aneuploidy rates for
chromosomes 15, 18, X and Y in his peripheral blood
leukocytes. An additional nine patients with non-ob-
structive azoospermia and normal karyotypes and
seven fertile normozoospermic men were included in
the study. We chose to study chromosomes 15, 18, X and
Y because there are reports indicating a high aneuploidy
rate of these particular chromosomes (and especiallythe sex chromosomes) in different cohorts of infertile
men [15,16,21,22].
Results
Conventional cytogenetic analysis (GTG bands, C-bands
and NORs) of an infertile patient revealed a 46,XY,t
(9;13)(p11;p12) karyotype (Figure 1A-C). Microdeletions
in the AZF regions and mutations in the SRY and CFTR
genes were not found. Because the parents of our patient
had normal karyotypes, we concluded this was a case of
de novo translocation.
Based on conventional analysis, we expected that the
dic(9;13)(p11;p12) chromosome possessed two centromeres
(one from chromosome 9 and the second from chromo-
some 13) and the satellite sequence of chromosome 13p12
(Figure 1D). To confirm this suggestion, FISH analysis
was performed with various probes (listed in Additional
file 1: Table S1). The positions of the applied probes
and the FISH results are shown in Figure 2A-E. As can
be seen in Figure 2A, D and E, dic(9;13) contains both
centromere 9 and centromere 13 sequences. This chromo-
some also revealed signals for both the 9q pericentromeric
(which is expected) and 9p pericentromeric probes. Inter-
estingly, the 9p11.2 pericentromeric probe showed
multiple signals on dic(9;13); one was located between
centromere 9 and centromere 13, and one was on 9q
proximal to centromere 9 and also on neo(9) (Figure 2E).
Because C-bands (Figure 1B) did not indicate the presence
of heteromorphic inv(9)(p11q12) on the chromosome 9
involved in the translocation t(9;13)(p11;p12), we excluded
this variant. The signal on 9q was most likely the result of
cross-hybridisation. Analogously, cross-hybridisation FISH
signal from satellite III DNA were present on 13 and 21
chromosomes (Figure 2A).
The short chromosome neo(9) segregated with the
normal chromosome13 and der(9;13) and was present
in all analysed metaphases. Neo(9) did not show signals
from centromere 9 and centromere 13 but did show a
signal from 9p (9p11.2) (Figure 2D and E). This probe
contains a repetitive sequence that is most likely more
similar to that of satellite I, which evolutionary was a part
of the centromere sequence in primates. As a consequence,
we suggest that neo(9) most likely has a neocentromere
and can be described as neo→9p11.2. Accordingly, the full
karyotype was interpreted as 46,XY,dic(9;13)(pter→p11.2::
p12→qter),neo(9)(pter→p12→neo→p11.2).
Array CGH results
To assess whether the azoospermic patient dic(9;13)
(p11.2;p12) has a balanced translocation and to test for
potential genomic micro-aberrations, we performed a
genome-wide analysis using the 400 K CGH array (Agilent
Technologies, Santa Clara, CA,USA). We identified 26
genomic copy number variations (CNVs) that showed a
Figure 1 Conventional cytogenetic analyses. Chromosomes involved in the dic(9;13)(p11.2;p12) translocation. A. G-banded chromosomes,
B. C-banded chromosomes, C. NOR-banded chromosomes; the satellites (indicated with arrows) are present on both the normal and dic(9;13)
chromosomes, D. Ideogrames of G-banded chromosomes involved in this translocation.
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male DNA (Additional file 2: Table S2). Special atten-
tion was given to imbalances that were mapped to the
genomic regions surrounding the anticipated chromo-
some translocation breakpoints. However, we did not
identify any detectable gain or loss on the regions of
chromosome 9 and 13 involved in the translocation.
Our CGH analysis revealed that most of the genomic
variants are polymorphic, because they were found with
relatively high frequencies in the normal population in
the Toronto DGV database (CNVs).Analysis of ejaculated meiotic cells
Gametogenic cells at different phases of differentiation
were found in the ejaculate of the dic(9;13)(p11.2;p12)
carrier (Figure 3A-I). The percentage of cell nuclei iden-
tified in the ejaculated sample is shown in Table 1. Most
of the cells were recognised as spermatocytes (82.5%),
most frequently at prophase I stage (85.5%). Normal
spermatozoa were not found. Simultaneously, 7% of the
revealed cell types were leukocytes. The proportion of
nuclei during the subsequent steps of prophase I is shown
in Table 2. Most of the nuclei were in the leptotene stage
(29.8%) and in pachytene (41.8%). Asynapsed regions of
chromosomal fragments not involved in the quadrivalent
complexes were present in over 80% of the pachytene
nuclei (Figure 3F and G).A depiction of the most likely quadrivalent figure in the
meiotic pachytene stage consisting of the chromosomes
involved in the dic(9;13)(p11.2;p12) translocation is shown
in Additional file 3: Figure S1.
In 90% of the pachytene nuclei, XY chromosome bi-
valents were found in complex with the quadrivalents
of the chromosomes involved in the dic(9;13)(p11.2;12)
translocation (Figure 4A and B). In all the pachytene
quadrivalents, two or more additional somatic chromo-
somes were also associated with these structures (we ob-
served chromosomes 5 and 22 very frequently) (Figure 4A).
In 1.4% of the pachytene nuclei, XY bivalents were not
associated with the quadrivalents, and in 8.6% of the
pachytene nuclei, we observed univalents of the X and Y
chromosomes. About half of the spermatids/amorphic
spermatozoa had FISH signals from the X chromosome,
and half had signals from the Y chromosome. Approxi-
mately 0.74% of the spermatids did not reveal an X or Y
FISH signal. XX and YY FISH signals were detected in
0.1% and 0.15% of the spermatids, respectively. These
frequencies were similar to the results obtained from
the sperm cells from our normozoospermic control
group (C) (n = 7, data published by Wiland, 2010) [23].
Aneuploidy analysis of somatic peripheral leukocytes
The results of analysis of chromosomes hyperhaploidy
15, 18, X and Y in nuclei of leukocytes from peripheral
blood of the dic(9;13)(p11.2;p12) carrier and the control
Figure 2 FISH analysis. The chromosomes involved in the dic(9;13)(pter→p11.2::p12→qter),neo(9)(pter→p12→neo→p11.2) translocation: examples
of FISH results (details in Additional file 1: Table S1). A. FISH results for 4 probes: centromere 9 probe (red), 9p subtelomere (red), 9q subtelomere
(green) and centromere 13/21 (green). B. FISH results for 3 probes: centromere 9 (yellow), 9q subtelomere (green) and 13q subtelomere (red). C. FISH
results for painting probes: 9 wcp (green) and 13 wcp (red). D. FISH results for 3 probes: 9 centromere (red), 9p11.2 - specific RP11-259A5 (red) and 13/
21 centromere probe (green) showing that chromosome 9 region 9p11.2 is present on the normal and dic(9;13) chromosomes. E. Tricolour FISH results
with chromosome 9 (red) and 13/21 (green) centromeric probes shows the presence of these probes on dic(9;13) and each of the normal chromosomes.
The yellow probe RP11-318 K12 corresponds to the 9q13 region and is present on the dic(9;13) chromosome and the normal chromosome 9q12.
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(A) (n = 9) are reported in Table 3.
In the leukocytes of nine patients with azoospermia
(Table 3), the mean value (A) of the hyperhaploidy of
individual chromosomes 15, 18, X and Y ranged from
0.21% to 0.39%. The mean frequencies of leukocytes
with a karyotype of 48,XXYY were 0.02%, and the fre-
quency of leukocytes with polyploidy (4n) was 0.12%
(Table 3). With the exception of the mean frequency of
leukocytes with the karyotype 48,XXYY, the other mean
values (A) were significantly higher when compared to
mean values obtained for the control group (C) (Table 3).
In the leukocytes of control males (C) (n = 7), the mean
frequencies of hyperhaploidy of the individual chromo-
somes 15, 18, X and Y ranged from 0.06% to 0.11%. The
mean frequency of leukocytes with the karyotype 48,
XXYY was 0.01% and the frequency of leukocytes with
polyploidy (4n) was 0.04% (Table 3).
In the leukocytes of the dic(9;13)(p11.2;p12) carrier, the
frequency of the hyperhaploidy of individual chromosomes
15, 18, X and Y ranged from 0,29% to 1.15%. The frequencyof leukocytes with the karyotype 48,XXYY was 0.02%,
and the frequency of leukocytes with polyploidy was
0.13% (Table 3).
Similar to results of the group of the azoospermic pa-
tients (A) (with the exception of the mean value of the
frequency of leukocytes with the karyotype 48,XXYY),
the other mean values (A) obtained for hyperhaploidy
were statistically higher than the mean values in control
group (C) (Table 3). Moreover, the frequencies of leuko-
cytes with hyperhaploidy 47,+Y and 47,+X were statistically
higher also in comparison with mean values (A) obtained
for the azoospermic group (Table 3).
Discussion
We herein report an intriguing case of a de novo whole-
arm translocation 46,XY,dic(9;13)(pter→p11.2::p12→qter),
der(9)(pter→p12→neo→p11.2) in an infertile male with
high number of germ meiotic cells but no spermatozoa in
his ejaculate. This phenomenon prompted us to perform
an analysis of the meiotic chromosomes in the numerous
ejaculated gametogenic cells. We found a large number
Figure 3 Meiotic chromosomes. A. View of the spermatocytes found in the ejaculate of the azoospermic carrier of the dic(9;13)(p11.2;p12)
translocation observed using a light microscope after Giemsa staining. B-I. Examples of chromosomes in different stages of meiotic pachytene
found in the ejaculate of the carrier: B. Zygotene. C. Late zygotene. D. Early pachytene. E. Middle pachytene. F. Late pachytene. G. Early diplotene.
H. Diplotene. I. Late diakinesis.
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indicating that spermatogenesis could proceed to the
spermatid stage, but not efficiently. In previous studies
of the frequencies of different spermatogenic stages of
prophase I in normal spermatogenesis, 1% - 7% - 9.5%
of the cells were in leptotene, 0.5% - 4% - 0.8% were in
zygotene, and 98% - 88% - 89.7% were in pachytene
[24-26]. We observed a high proportion of cell nuclei
at the pachytene stage (41.8%) (of these, 53% were in
late pachytene) (Table 2) in our patient; this may indicate
that spermatogenesis was not seriously disrupted until
diplotene. This may further suggest the presence of a
mechanism arresting meiotic progression at the end of
the pachytene stage. At the same time, however, the
high proportion of cells in leptotene (29.8%) (Table 2)
may indicate that the first breakdown of the meiotic
process occurred very early. According to the literature,
meioses in males with non-obstructive azoospermia are
very heterogeneous. In 5% of cases, the cell divisionsTable 1 Proportion of different types of cells found in the eja
Cells recognized
Spermatocytes 82.5%
Prophase I Metaphase I Anaphase I Telophase I Spermatid I S
85.5% 0.8% 0.2% 6.7% 6.o%approached an arrest at zygotene; in approximately half
of the cases, the cells were arrested in the pachytene
stage, and in approximately 45% of the cases, there were
no meiotic cells observed. Among the males with non-
obstructive azoospermia in whom cells in pachytene stage
were present, 70% revealed alterations in synaptonemal
complexes [10]. Given the potential reasons for lack of
spermatozoa in our patient, we took into account a
possibility that the breakpoints in chromosomes involved
in the dic(9;13)(p11.2;p12) translocation may have altered
the expression of autosomal genes that are critical for
meiosis and located at a region involved in breakpoints
[27,28]. However, this hypothesis is unlikely to be true,
because we observed a whole-arm translocation with
breaks in centromeric regions comprised of non-coding
and non-transcribed α-satellite sequences. Therefore, we
propose that a key factor triggering the arrest of meiosis
is a pachytene configuration with the involvement of
acrocentric chromosome 13, dic(9;13) and neo(9) withculate of the azoospermic carrier of dic(9;13)(p11.2;p12)
in ejaculate
the other cells 17.5%
permatid II Amorphic spermatozoa
with flagella
Leukocytes Not identified
0.3% 0.5% 7% 3.7%
Table 2 Proportion of different stages of prophase I in the exfoliated spermatocytes found in the ejaculate of the
azoospermic carrier of dic(9;13)(p11.2;p12)
Leptotene Zygotene Zygotene/pachytene Pachytene Diplotene diakinese
29.8% 10.5%
16.6%
41.8% 0.7% 0.6%
early 7.9% middle 70.4% late 21.7% early 28.3% middle 55.1% early 46% middle 1% late 53%
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Figure S1). The presence of acrocentric chromosomes in a
translocation has been thought to be more deleterious
for fertility than translocations not involving acrocen-
tric chromosomes [29-31]. Unfortunately, in the case of
the dic(9;13)(p11.2;p12) carrier, we could not analyse
quadrivalents in synaptonemal complexes, because the
remaining aliquot of ejaculate was fixed in Carnoy's
fixative and therefore not suitable for further analysis.
We could only search for asynapsed regions in the
well-visible chromosomes, which were not associated
with quadrivalents (Figure 3F and G.). We observed
asynapsed regions in different chromosomes in over
80% of the pachytene nuclei. Simultaneously, almost all
(90%) of the quadrivalents in pachytene involved in the
translocation were associated with XY bivalents. Similarly,
a high frequency of association between pachytene quadri-
valents and XY chromosomes was also detected in other
translocation carriers, for example in 96% of azoospermic
t(1;21) carriers [32]. The association between XY bivalents
and the asynapsed regions of chromosomes during pachy-
tene is a well-known phenomenon [28,30,31,33,34]. These
associations have been reported in more than 30 RCT
carriers and associations were noted in over 90% of the
cases. It has even been suggested that the asynapsed
regions occurring in quadrivalents may attempt to pair
with the XY bivalent to avoid detection by the pachyteneFigure 4 XY FISH signals in pachytene. FISH on prophase I chromosome
azoospermic carrier of dic(9;13)(p11.2;p12). A. Example of an association of
an XY bivalent and additional chromosomes 5 and 22 (MultiFISH signals, fa
showing the XY bivalent in meiotic pachytene (red probe = X chromosom
file 1: Table S1).checkpoint, which monitors synapsis phenomenon [30,31].
Different hypotheses have been proposed to explain the
meiotic arrest as a consequence of the quadrivalent-XY
bivalent association [35-37] but the currently prevailing
hypothesis that pachytene asynapsis drives the inactiva-
tion of the meiotic X and Y chromosomes and leads to
substantial postmeiotic repression in spermatids [38].
In the case of this dic(9;13)(p11.2;p12) translocation,
the structure containing the translocated chromosomes
and the XY bivalent in pachytene quadrivalents was
joined by two or more additional somatic chromosomes
(Figure 4A). This may suggest that this association was
a non-specific one, but that it can arise from the fact
that a noncentromeric heterochromatin block in 9q
and the heterochromatin of acrocentric chromosomes
are especially prone to synaptic abnormalities (breaks
and unsynapsed regions) [33].
Recent reports indicated that the vast number of infer-
tile patients, particularly with non-obstructive azoosper-
mia, have an elevated level of aneuploidy in their somatic
cells (peripheral leukocytes), which may be associated with
instability of the mechanisms controlling cell divisions.
For instance, interference with the cellular organisation
of the microtubule system and kinetochores could lead
to errors during chromosome segregation in both meiotic
and mitotic cell divisions [17-20]. The results indicated
an association between the non-disjunction of mitotics from the exfoliated spermatocytes found in the ejaculate of an
chromosomes involved in the dic(9;13)(p11.2;p12) translocation with
lse colours) (MetaSystems). B. Bi-colour FISH signals with paint probes
e; green = chromosome) (the FISH probes are described in Additional
Table 3 Frequency of hyperhaploidy of chromosomes 15, 18, X and Y in the nuclei of leukocytes from the azoospermic
carrier of dic(9;13)(p11.2;p12), the group of nine patients with azoospermia (A), and the mean control values obtained
for seven fertile donors with normozoospermia (C)
Karyotype 47,+15 47,+18 47,+X 47,+Y 48,+XY Polyploidy 4n
Carrier of dic(9;13) 0.37^ 0.29^ 0.85^▾ 1.15^▾ 0.02 0.13^
Patients with azoospermia (A)
No. 1 0.17 0.18 0.25 0.04 0.01 0.04
No. 2 0.11 0.19 0.32 0.29 0.01 0.04
No. 3 0.28 0.20 0.50 0.04 0.01 0.07
No. 4 0.09 0.26 0.10 0.10 0.01 0.11
No. 5 0.06 0.06 0.20 0.07 0.01 0.06
No. 6 0.42 1.42 0.74 0.42 0.07 0.28
No. 7 0.22 0.22 0.43 0.17 0.03 0.20
No. 8 0.42 0.15 0.47 0.25 0.03 0.19
No. 9 0.42 0.38 0.51 0.51 0.03 0.09
Mean value (A) ± SD 0.24^ ± 0.15 0.34^ ± 0.42 0.39^ ± 0.20 0.21^ ± 0.18 0.02 ± 0.02 0.12^ ± 0.08
Control group (n=7)
Mean value (C) ± SD 0.08 ± 0.04 0.06 ± 0.06 0,11 ± 0.07 0.08 ± 0.06 0.01 ± 0.01 0.04 ± 0.03
Range 0.04 – 0.14 0.01 – 0.16 0.04 – 0.25 0.04 – 0.20 0.00 – 0.02 0.01 – 0.09
^values significantly higher from mean control value C [p<0.05].
▾values were significantly higher from mean control value A [p<0.05].
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blood) and the non-disjunction of meiotic chromosomes
in infertile males and were first reported by Gazvani et al
[15,16]. Evidence supporting the phenomenon that patients
with impaired spermatogenesis may have a predisposition
for chromosome non-disjunction in somatic cells was
also presented by De Palma and co-workers [22]. A study
of leukocytes from patients with azoospermia reported
a normal conventional karyotype in somatic cells, but
showed a several-fold increase in the aneuploidy of
chromosomes X and Y, suggesting an increased chromo-
some aneuploidy [21,22]. To test this hypothesis, we
have undertaken here an evaluation of whether the
azoospermic dic(9;13)(p11.2;p12) carrier and the selected
patients with non-obstructive azoospermia (A) and nor-
mal conventional karyotype (C) revealed an increased
rate of somatic cell aneuploidy (Table 3). Based on the
results obtained (Table 3), we can confirm the data that
have been previously reported [21,22]. We also observed
that in patients with azoospermia, the mean frequency of
the karyotypes 47,XXY and 47,XYY and aneuploidy of
chromosomes 15 and 18 in leukocytes were significantly
higher than in controls (Table 3). The highest frequency of
hyperhaploidy was found in the leukocytes of the dic(9;13)
(p11.2;p12) carrier and affected the X and Y chromosomes.
It was suggested that malsegregation affects the various
chromosomes differently, and the sex chromosomes
appear to be more at risk of partition errors than the
autosomes [16,22]. At the same time, it is known that
cells with additional X and Y chromosomes maintainthe ability to divide meiotically [39,40]. It should also
be noted that in some males with normozoospermia,
an elevated aneuploidy level in leukocytes can also be
observed, paralleling the elevated aneuploidy rate in
spermatozoa (this phenomenon is known as “stable
variants” of aneuploidy) [41].
In the case of the azoospermic dic(9;13)(p11.2;p12)
carrier, a very high proportion (90%) of prophase I quadri-
valents were associated with XY-bivalents, and this seems
to be the critical factor for the observed azoospermia. We
speculate that in this case, a mitotic instability could be an
additional co-founding factor leading to spermatogenetic
arrest. Earlier described cases of t(9;13)(p11;p12) were fa-
milial and therefore did not result in azoospermia [12,14].
The spermatological phenomenon of the increased
exfoliation of immature germ cells is well known in
patients with spermatogenic failure, but the pathogenetic
reasons for this are still unclear [42]. It is reasonable to
expect that this phenomenon will have a complex hetero-
geneous nature. In groups of patients with astheno-terato-
oligozoospermia the exfoliation concerned mainly cells
from the adluminal cell compartment of the seminiferous
tubules (spermatocytes and spermatids) [43]. The question
is whether the increased number of immature germ
cells represents a specific alteration of the sperm cell
precursors. Further questions can be raised because in
about half of the cases with increased exfoliation, uro-
genital inflammation can occur simultaneously [44]. It is
known that the increased expression of genes involved in
the inflammatory-like response can also be observed in
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smears from ejaculated cell pellets in our azoospermic
dic(9;13)(p11.2;p12) carrier, leukocytes could be observed
(approximately 7%), which could suggest the remnants of
a past inflammatory reaction (the microbiological analysis
of this ejaculate was negative). Therefore, we cannot
ignore the abundance of leukocytes, because only singular
leukocytes occur in normal sterile ejaculate. Thus, similar
to other azoospermic cases, it can be proposed that the
observed high number of immature germ cells in the
ejaculate from our patient may be a consequence of rather
than a cause of azoospermia [42]. It is also known that
the disruptive effects of environmental toxicants on cell
junctions are mediated by non-receptor tyrosine kinases
(e.g., c-Src and FAK) and cytokines provoking oxidative
stress because such damage is often observed after low-
level exposure before apoptosis occurs [46-48]. Signifi-
cantly, these signalling pathways converge on polarity
proteins that regulate intercellular junctions.
Genetic counselling was offered to the carrier and his
wife. The probability rate for unbalanced progeny with
trisomy/monosomy of the 9p11.2 segment after adjacent-1
segregation at birth for paternal carriers was estimated at
11.8%, and the odds of unbalanced progeny at prenatal
diagnosis was 57% [49]. The probability of natural concep-
tion was very low, but an option for ICSI after testicular
biopsy and pre-implantation genetic diagnosis was dis-
cussed with the couple because the presence of immature
germ cells in the ejaculate could indicate spermatogenic
activity in the testes [50]. Unfortunately, bilateral tes-
ticular biopsies did not reveal any sperm cells (N. Huleyuk,
personal communication). As a result, fertilisation with a
donor’s sperm was proposed, which resulted in the birth
of a child.
Conclusions
We propose that the most likely reason for the develop-
ment of the azoospermia in the patient with dic(9;13)
(p11.2;p12) was a very high proportion (90%) of an associ-
ation between XY bivalents and quadrivalent formations
in prophase I. We propose that instability in chromosome
segregation during consecutive cell divisions might be a
contributing factor inducing spermatogenic disruption in
the case of this azoospermic patient, although it is difficult
to define the strength of this effect.
Methods
A 34-year-old man revealed a 3-year history of infertility
and had no ejaculated spermatozoa in two semen analyses
3 months apart. The patient’s physical examination did
not reveal any constitutional abnormalities or obstruction
defects in the reproductive tract. The patient and the indi-
viduals in the control groups provided written consent to
be included in the study. The Local Bioethical Committeeof the Medical University of Poznan granted permission
for this study.Conventional cytogenetic studies
Cytogenetic studies were performed on the chromosomes
from in vitro cultured peripheral blood lymphocytes of the
patient and his parents according to standard procedures.
The interpretation of the breakpoints position on the
chromosomes was based on the classic GTG banding
technique with a resolution of 550 bands/haploid set
[51]. Thirty metaphase cells were scored. In all cells, a
translocation between chromosomes 9 and 13 was found.
To further characterise this abnormality, the C- and NOR-
banding techniques and fluorescent in situ hybridisation
(FISH) mapping with different probes for chromosomes 9
and 13 were applied.Fluorescence in situ hybridisation (FISH) analysis
FISH analysis was carried out on metaphase and interphase
cells from the peripheral lymphocyte cultures and germ
cells isolated from the patient’s ejaculate. Bi- or tricolour
FISH experiments were performed using different combi-
nations of probes directly labelled with either Spectrum
Orange-dUTP or Spectrum Green-dUTP (Abbot Molecu-
lar/Vysis Inc, Des Plaines, IL), obtained from Cytocell
Technologies Ltd. (Cambridge, UK). BAC (bacterial artifi-
cial chromosomes) probes were selected from the Genome
Browser database (http://genome.ucsc.edu/) based on their
physical map location (near the centromeres) for chromo-
somes 9 and 13/21, locus-specific chromosome 9 and
13 probes, and chromosomes 6, 14, 15, 18, X and Y. In
addition, we used alpha-satellite centromeric, subtelo-
meric or whole chromosome painting probes (Additional
file 1: Table S1). To identify the chromosomes forming
complexes in pachytene, we also used MultiFISH probes
(MetaSystems, Altussheim, Germany). A list of the probes
used and the appropriate descriptions are presented in
Additional file 1: Table S1.
FISH analyses with direct label probes were performed
according to the manufacturer’s protocols. The hybrid-
isation mixture (3 μl of each probe plus hybridisation
buffer) was applied to each slide. A tricolour FISH was
performed, where the combination of mixed (1:1) green-
and red-labelled probes on the same centromere yielded
a yellow signal. The probes were covered with 20×40
mm coverslips and sealed with rubber cement. The
probes and cellular DNA were denatured for 2 min
at 75°C. Hybridisation was carried out overnight in a
humidified chamber at 37°C. After hybridisation, the
slides were washed for 2 min in a solution of 0.4× SCC
at 72°C and then for 30 sec in a solution of 2× SCC/
0.5% Tween-20. Counterstaining was performed with
DAPI/anti-fade reagent.
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Technology, Inc.) was used for characterisation of the
dic(9;13) breakpoints. BAC clones were cultured in LB
broth for 17 hours at 37°C, and DNA was isolated using
a QIAprep Spin Miniprep kit (Qiagen). Three micro-
grams of DNA were labelled using a Nick Translation kit
(Abbott, Des Planes, IL) according to the manufacturer’s
protocol. The hybridisations and washing procedures
were performed using the same conditions as described
above. Counterstaining was performed with DAPI/anti-
fade reagent.
The hybridisation signals were observed using an
Olympus Bx41 microscope fitted with a triple-band-pass
filter for DAPI/FITC/Rhodamine and an oil-immersion
100 × objective with a 1.25 NA. The efficiency of FISH
performed with direct label probes both the mitotic and
meiotic cells was at least 98%.
Aneuploidy analysis of peripheral leukocytes chromosomes
Overall, 17 males were enrolled to this study, including
one dic(9;13)(p11;p12) carrier, nine patients with non-
obstructive azoospermia (Nos. 1-9, Table 3), and seven
control male donors (age 23-30 years) with normozoos-
permia, proven fertility and a normal karyotype [52]. In
patients 1-8, histological analyses of testis biopsies showed
spermatogenetic arrest at spermatocyte stage II, while
patient 9 exhibited no meiotic cells (hyalinisation of the
basement membranes of seminiferous tubules). All the
patients had normal karyotypes (46,XY) and were negative
for AZF deletions. The aneuploidy level of chromosomes
15, 18, X and Y were tested in the interphase nuclei of
peripheral blood leukocytes culture using tricolour FISH.
A total of 5,000 cells were scored for each case. The
results are presented as means ± standard deviation (SD)
throughout the study. The data were analysed using Fisher’s
exact test with α = 0.05. A statistically significant difference
was accepted when the P-value was <0.05.
Meiotic cell collection and preparation
We obtained two ejaculate samples from our patient at
a three-month interval. The ejaculates were collected
by masturbation after 5 days of sexual abstinence. After
liquefaction at room temperature, a seminological analysis
was performed, and the different cells were preliminarily
identified as meiotic cells. The sample aliquots were then
washed three times in PBS and fixed in methanol:acetic
acid (3:1) for 20 min at -20°C. After two rinses with fresh
fixative, the pellets were dropped onto the slides, air-dried
and stored at -20°C until used. Before use, the slides were
allowed to stay at room temperature and were rinsed in
2× sodium chloride/sodium citrate (2× SCC, pH 7.0),
dehydrated in graded ethanol solutions from 70 to 100%,
and air-dried. For identification purposes, the ejaculated
cells were stained with Giemsa solution and FISH wasperformed. The haploid status of the cells was inferred
from observation of a single spot for each of the two
probes used in FISH. To distinguish spermatocytes of
the 1st stage from spermatocytes of the 2nd stage, FISH
with subtelomeric probes for chromosomes Xq, Yq, 6q
and 14q were used (spermatocytes in stage II revealed a
FISH signal from one chromatid). The samples were
checked for the presence of leukocytes by the Endtz test
[53]. A total of 1,988 cells were analysed in the ejaculates.
Array CGH and molecular analysis
Genomic DNA was isolated from patients’ peripheral
blood leukocytes using Puregene Blood Core Kit B (Qia-
gen). Control male DNA was purchased from Promega
(Madison, WI). Oligonucleotide-based array CGH was
performed according to the manufacturer’s protocol
(Agilent Technologies, Santa Clara, CA). Restriction di-
gestion and fluorescent labelling were performed using
the genomic DNA enzymatic labelling kit (Agilent). The
patient samples were labelled with Cyanine-5 dye, and
Promega control DNA was labelled with Cyanine-3 dye.
The labelled samples were purified with the SureTag DNA
labelling kit purification column (Agilent). The yield
and probe-specific activity of fluorescent labelling were
analysed on a NanoDrop 2000 (Thermo Scientific). The
samples were hybridised to SurePrint G3 Human CGH
2x400k Oligo Microarrays (Agilent) for 40 hours at 66°C.
The array slides were separated and washed in Agilent
Oligo aCGH/ChIP-on-ChIP wash buffers 1 and 2 accord-
ing to the manufacturer’s protocol (Agilent). The slides
were scanned on an Agilent SureScan Microarray C scan-
ner and analysed using Agilent Cytogenomics software.
We assessed the quality of DNA gains and losses of all
variants using the direct probe signal intensity and the
log2 ratio of patient/control signals. Following crosscheck,
an analysis of the DGV database (Toronto CNV database)
revealed the frequency of CNV variants in the normal
population.
Molecular analyses of the Y chromosome microdeletions
in the AZF region, SRY and CFTR genes were performed
according to methods described by Huleyuk et al [54].
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Additional file 1: Table S1. List of the FISH probes used for
characteristics of chromosomes involved in the dic(9;13)(p11.2;p12)
(R=red signal, G= green signal and Y= yellow signal).
Additional file 2: Table S2. 400K genome-wide CGH array results for
azoospermic carrier of dic(9;13)(p11.2;p12).
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the chromosomes involved in the dic(9;13)(p11.2;p12) translocation.
Competing interests
The authors declare that they have no competing interests.
Wiland et al. Molecular Cytogenetics 2014, 7:14 Page 10 of 11
http://www.molecularcytogenetics.org/content/7/1/14Author’s contributions
EW designed the study, drafted the manuscript, collected the results, and
analysed and interpreted the data. MO designed the study and collected the
results. APG collected the results. NH participated in the collection of the
results. BP participated in the data collection. DZ participated in the analysis
of the results. SAY participated in the data collection. PJ interpreted the data.
ATM interpreted the data. ANY drafted the manuscript and analysed the
data. MK designed the study, drafted the manuscript, and analysed and
interpreted the data. All authors read and approved the final manuscript.Acknowledgements
We thank Dr. Malgorzata Jarmuz-Szymczak from the Institute of Human
Genetics for sharing her knowledge and expertise concerning acrocentric
chromosomes. This work was supported by the Ministry of Science and
Higher Education, Grant No. N401 376339; The National Centre for Research
and Development, Grant No. NR13 0066 06; and The National Science Centre,
Grant No. 2011/01/B/NZ2/04819.
Author details
1Institute of Human Genetics Polish Academy of Sciences, Department of
Reproductive Biology and Stem Cells, Strzeszynska 32, Poznan 60-479,
Poland. 2Department of OBGYN and Reproductive Sciences, School of
Medicine, University of Pittsburgh, Pittsburgh, PA 15213, USA. 3Institute of
Hereditary Pathology, Ukrainian Academy of Medical Sciences, Lysenka 31A,
Lviv 79000, Ukraine. 4Department of Clinical Genetics, Medical University
Bialystok, Waszyngtona 13, Bialystok 15-089, Poland. 5Division of Infertility
and Reproductive Endocrinology, Department of Gynecology and Obstetrics,
Karol Marcinkowski University of Medical Sciences, Poznan, Poland.
Received: 5 December 2013 Accepted: 30 January 2014
Published: 21 February 2014References
1. Van Dyke DL, Weiss L, Roberson JR, Babu VR: The frequency and mutation
rate of balanced autosomal rearrangements in man estimated from
prenatal genetic study for advanced maternal study. Am J Hum Genet
1983, 35:301–308.
2. Nielsen J, Wohlert M: Chromosome abnormalities found among 34,910
newborn children: results from a 13-year incidence study in Arhus,
Denmark. Hum Genet 1991, 87:81–83.
3. Benet J, Oliver-Bonet M, Cifuentes P, Templado C, Navarro J: Segregation of
chromosomes in sperm of reciprocal translocation carriers: a review.
Cytogenet Genome Res 2005, 111:281–290.
4. Faraut T, Mermet MA, Demongeot J, Cohen O: Cooperation of selection
and meiotic mechanisms in the production of imbalances in reciprocal
translocations. Cytogenet Cell Genet 2000, 88:15–21.
5. Shi Q, Martin RH: Aneuploidy in human spermatozoa: FISH analysis in
men with constitutional chromosomal abnormalities, and in infertile
men. Reproduction 2001, 12:655–666.
6. Schinzel A: Catoloque of Unbalanced Chromosome Aberrations in Man. Berlin,
New York: de Gruyter; 2001.
7. Anton E, Vidal F, Blanco J: Reciprocal translocations: tracing their meiotic
behavior. Genet Med 2008, 10:730–738.
8. Geneix A, Schubert B, Force A, Rodet K, Briancon G, Boucher D: Sperm
analysis by FISH in a case of t(17;22)(q11;q12) balanced translocation.
Hum Reprod 2002, 17:325–331.
9. Kurahashi H, Kogo H, Tsutsumi M, Inagaki H, Ohye T: Failure of homologous
synapsis and sex-specific reproductive problems. Front Genet 2012, 3:112.
10. Sun F, Oliver-Bonet M, Turek PJ, Ko E, Martin RH: Meiotic studies in an
azoospermic human translocation (Y;1) carrier. Mol Hum Reprod 2005,
11:361–364.
11. Sun F, Trpkov K, Rademaker A, Ko E, Martin RH: Variation in meiotic
recombination frequencies among human males. Hum Genet 2005,
116:172–178.
12. Vazquez-Cardenas A, Vasques-Velasquez AI, Barros-Nunez P, Mantilla- Capacho J,
Rocchi M, Rivera H: Familial whole-arm translocations (1;19), (9;13), and (12;21):
a review of 101 constitional exchanges. J Appl Genet 2007, 48:261–268.
13. Perry J, Slater HR, Choo KH: Centric fission – simple and complex
mechanisms. Chromosome Res 2004, 12:627–640.14. Varley JM, Gosden J, Hulten M: Familial reciprocal translocation t(9;13)
(p11;p12) investigated by silver staining and in situ hybridisation.
Hum Genet 1981, 59:422–428.
15. Gazvani MR, Wilson ED, Richmond DH, Howard PJ, Kingsland CR, Lewis-Jones
DL: Role of mitotic control in spermatogenesis. Fertil Steril 2000, 73:51–55.
16. Gazvani MR, Wilson ED, Richmond DH, Howard PJ, Kingsland CR, Lewis-Jones
DL: Role of mitotic control in spermatogenesis. Fertil Steril 2000, 74:251–256.
17. Malmanche N, Maia A, Sunkel CE: The spindle assembley checkpoint:
Preventing chromosome mis-segregation during mitosos and meiosis.
FEBS Lett 2006, 580:2888–2895.
18. Vogt E, Kirsch-Volders M, Parry J, Eichenlaub-Ritter U: Spindle formation,
chromosome segregation and the spindle checkpoint in mammalian
oocytes and susceptibility to meiotic error. Mutation Res 2008, 651:14–29.
19. Wang W-H, Sun Q-Y: Meiotic spindle, spindle checkpoint and embryonic
aneuploidy. Front Biosci 2006, 11:620–636.
20. Wolgemuth DJ, Laurion E, Lele KM: Regulation of mitotic and meiotic cell
cycles in the male germ line. Recent Prog Horm Res 2002, 57:75–101.
21. Duzcan F, Aybek Z, Tepeli E, Caner V, Cetin GO, Aybek H, Bagci H: Sex
chromosome aneuploidy rates in the somatic cells of infertile men.
J Reprod Med 2006, 51:489–492.
22. De Palma A, Burrello N, Barone N, D'Agata R, Vicari E, Calogero AE: Patients
with abnormal sperm parameters have an increased sex chromosome
aneuploidy rate in peripheral leukocytes. Hum Reprod 2005, 20:2153–2156.
23. Wiland E: Cytogenetic studies of spermatozoa and somatic cells of men
with reproductive failure. Nowiny Lekarskie 2010, 79(Suppl 1):46–47.
24. Tassistro V, Ghalamoun-Slaimi R, Sais-Magnam J, Guichaoua M-R: Chronology
of meiosis and synaptonemal complex abnormalities in normal and
abnormal spermatogenesis. Indian J Med Res 2009, 129:268–278.
25. Gonsalves J, Sun F, Schlegel PN, Turek PJ, Hopps CV, Greene C, Martin RH,
Pera RA: Defective recombination in infertile men. Hum Mol Genet 2004,
13:2875–2873.
26. Ma S, Arsovska S, Moens P, Nigro M, Chow V: Analysis of early meiotic
events and aneuploidy in nonobstructive azoospermic men: a
preliminary report. Fertil Steril 2006, 85:646–652.
27. Cohen PE, Pollack SE, Pollard JW: Genetic analysis of chromosome pairing,
recombination, and cell cycle control during first meiotic prophase in
mammals. Endocr Rev 2006, 27:398–426.
28. Hann MC, Lau P, Tempest HG: Meiotic recombination and male infertility:
from basic science to clinical reality? Asian J Androl 2011, 13:212–218.
29. Gabriel-Robez O, Ratomponirina C, Dutrillaux B, Carre-Pigeon F, Rumpler Y:
Meiotic association between the XY chromosomes and the autosomal
quadrivalent of a reciprocal translocation in two infertile men, 46, XY,
t(19;22) and 46, XY, t(17;21). Cytogenet Cell Genet 1986, 43:154–160.
30. Oliver-Bonet M, Benet J, Sun F, Navarro J, Abad C, Liehr T, Starke H,
Greene C, Ko E, Martin RH: Meiotic studies in two human reciprocal
translocations and their association with spermatogenic failure.
Hum Reprod 2005, 20:683–688.
31. Oliver-Bonet M, Ko E, Martin RH: Male infertility in reciprocal translocation
carriers: the sex body affair. Cytogenet Genome Res 2005, 111:343–346.
32. Leng M, Li G, Zhong L, Hou H, Yu D, Shi Q: Abnormal synapses and
recombination in an azoospermic male carrier of a reciprocal
translocation t(1;21). Fertil Steril 2009, 91:e17–e22.
33. Codina-Pascual M, Navarro J, Oliver-Bonet M, Kraus J, Speicher MR, Arango O,
Egozcue J, Benet J: Bahaviour of human heterochromatic regions during the
synapsis of homologous chromosomes. Hum Reprod 2006, 21:1490–1497.
34. Ferguson KA, Chow V, Ma S: Silencing of unpaired meiotic chromosomes
and altered recombination patterns in an azoospermic carrier of a t
(8;13) reciprocal translocation. Hum Reprod 2008, 23:988–995.
35. Lifschytz E, Lindsley DL: The role of X-chromosome inactivation during
spermatogenesis (Drosophila-allocycly-chromosome evolution-male
sterility-dosage compensation). Proc Natl Acad Sci U S A 1972, 69:182–186.
36. Jaafar H, Gabriel-Robez O, Ratomponirina C, Boscher J, Bonneau M, Popescu CP,
Rumpler Y: Analysis of synaptonemal complexes in two fertile heterozygous
boars, both carriers of a reciprocal translocation involving an acrocentric
chromosome. Cytogenet Cell Genet 1989, 50:220–225.
37. Fernandez-Capetillo O, Liebe B, Scherthan H, Nussenzweig A: H2AX
regulates meiotic telomere clustering. J Cell Biol 2003, 163:15–20.
38. Turner JM, Mahadevaiah SK, Ellis PJ, Mitchell MJ, Burgoyne PS: Pachytene
asynapsis drives meiotic sex chromosomes inactivation and leads to
substantial postmeiotic repression in spermatids. Dev Cell 2006,
10:521–529.
Wiland et al. Molecular Cytogenetics 2014, 7:14 Page 11 of 11
http://www.molecularcytogenetics.org/content/7/1/1439. Morel F, Roux C, Bresson JL: Segregation of sex chromosomes in
spermatozoa of 46, XY/47, XXY men by multicolour fluorescence in-situ
hybridization. Mol Hum Reprod 2000, 6:566–570.
40. Rives N, Joly G, Machy A, Simeon N, Leclerc P, Mace B: Assessment of sex
chromosomes aneuploidy in sperm nuclei from 47, XXY and 46, XY/47,
XXY males: comparison with fertile and infertile males with normal
karyotype. Mol Hum Reprod 2000, 6:107–112.
41. Rubes J, Vozdova M, Robbins WA, Rezacova O, Perreault SD, Wyrobek AJ:
Stable variants of sperm aneuploidy among healthy men show
associations between germinal and somatic aneuploidy. Am J Hum Genet
2002, 70:1507–1519.
42. Yeung CH, Beiglbock-Karau L, Tuttelmann F, Niesclag E: The presence of germ
cells in the semen of azoospermic and severe oligospermic patients:
stringent flow cytometric analysis and correlation with hormonal status.
Clin Endocrinol 2007, 67:767–775.
43. Sigg C, Hornstein OP: Increased desquamination of immature germ cells
in the ejaculate of infertile men. Hautarzt 1985, 36:441–448.
44. Sigg C, Hornstein OP: Cytologic classification of immature germ cells in
the spermatological “syndrome” of increased desquamation of
spermatogenic cells. Andrologia 1987, 19:378–379.
45. Spiess A-N, Feig C, Schulze W, Cappallo-Obermann H, Primig M, Kirchhoff C:
Cross-platform gene expression signature of human spermatogenic failure
reveals inflammatory-like response. Hum Reprod 2007, 22:2936–2946.
46. Moline JM, Golden AL, Bar-Chama N, Smith E, Rauch ME, Chapin RE,
Perreault SD, Schrader SM, Suk WA, Landrigan PJ: Exposure to hazardous
substances and male reproductive health: a research framework. Environ
Health Perspect 2000, 108:803–813.
47. Cheng CY, Wong EW, Lie PP, Li MW, Su L, Siu ER, Yan HH, Mannu J, Mathur PP,
Bonanomi M, Silvestrini B, Mruk DD: Environmental toxicants and male
reproductive function. Spermatogenesis 2011, 1:2–13.
48. Wong EWP, Yan Cheng C: Impacts of environmental toxicants on male
reproductive dysfunction. Trends Pharmacol Sci 2011, 32:290–299.
49. Panasiuk B, Danik J, Lurie IW, Stasiewicz-Jarocka B, Leśniewicz R, Sawicka A,
Kałuzewski B, Midro AT: Reciprocal chromosome translocations involving
short arm of chromosome 9 as a risk factor of unfavorable pregnancy
outcomes after meiotic malsegregation 2:2. Adv Med Sci 2009,
54:203–210.
50. Yeung CH, Beiglbock-Karau L, Luetjens CM, Wunsch A, Nieschlang E:
Quantification of seminal germ cells in azoospermia: correlation with
testicular histology and TESE outcome. Int J Androl 2009, 32:242–254.
51. ISCN: An International System for Human Cytogenetic Nomenclature.
In Recommendations of the International Standing Committe on Human
Cytogenetic Nomenclature. Edited by Mitelman F. Basel: S Karger; 2009.
52. World Health Organization: WHO Laboratory Manual for the Examination of
Human Semen. 5th edition. Switzerland: WHO; 2010.
53. Endtz AW: A rapid staining method for differentiating granulocytes from
germinal cells in Papanicolau-stained semen. Acta Cytol 1974, 18:2–7.
54. Huleyuk N, Zastavna D, Tyrkus M, Makukh H, Gavrylyshyn S, Kurpisz M:
Complex cytogenetic and molecular-genetic analysis of males with
spermatogenesis failure. Cytol Genet 2010, 44:51–56.
doi:10.1186/1755-8166-7-14
Cite this article as: Wiland et al.: Cytogenetic and molecular analyses of
de novo translocation dic(9;13)(p11.2;p12) in an infertile male. Molecular
Cytogenetics 2014 7:14.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
